We conducted a study to assess the incidence and outcome of hemophagocytic histiocytosis (HH) in thrombocytopenic patients with sepsis syndrome or septic shock and to define the possible associations between HH, disseminated intravascular coagulation (DIC), and plateletassociated IgG (PAIgG) in promoting thrombocytopenia. Twenty immunocompetent thrombocytopenic patients were included. Bone marrow aspirates were obtained from each patient to identify hemophagocytic histiocytes. Coagulation parameters, PAIgG levels, and bacterial and viral infections were studied. Twelve patients with HH were identified. The presence of DIC and of PAIgG were often associated with this disease. No herpesvirus infection was demonstrated. Eight of the 12 patients with HH and four of the eight patients without HH died (P Å NS). The results of this study suggest that HH could be involved in the development of thrombocytopenia in immunocompetent patients with sepsis syndrome or septic shock. HH does not seem to be associated with increased mortality.
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Thrombocytopenia is a common problem in intensive care
Patients and Methods units (ICUs) [1] . Sepsis is one of the conditions associated Study population. Between December 1992 and September with thrombocytopenia [1 -3] . In patients with sepsis, throm-1993, we prospectively studied 20 mechanically ventilated pabocytopenia is often associated with disseminated intravastients who fulfilled the criteria for sepsis syndrome [14] or cular coagulation (DIC) [2, 3] . However, thrombocytopenia septic shock and thrombocytopenia (platelet count, £100 1 has also been reported to occur in the absence of laboratory 10 9 / mL). The criteria for sepsis syndrome included clinical evidence of DIC. The finding that levels of platelet-associevidence of infection; temperature, õ35.5ЊC or ú38.3ЊC; ated IgG (PAIgG) are elevated in many patients with septicetachycardia (pulse rate, ú90); the need for mechanical ventilamia and thrombocytopenia suggests that immune mechation; and inadequate organ perfusion or organ dysfunction, as nisms may generate thrombocytopenia [4, 5] . Nevertheless, indicated by one of the following findings: alteration in mental DIC and immune mechanisms probably do not explain all status, hypoxemia (PaO 2 , õ72 mm Hg at FIO 2 Å 21% or cases of thrombocytopenia that occur in patients with sepsis PaO 2 /FIO 2 , õ280), elevated plasma lactate level, or oliguria syndrome or septic shock.
(urine output, õ30 mL or 0.5 mL/kg for at least 1 hour). Septic Hemophagocytic histiocytosis (HH) is characterized by shock was defined as the presence of the above criteria plus a systemic proliferation of nonneoplastic histiocytes that are decrease in the systolic blood pressure (to õ90 mm Hg) despite actively engaged in phagocytosis of hematopoietic cells, readequate vascular filling and the need for vasoactive drugs sulting in cytopenia [6] . Many conditions, including viral (dopamine, ú5 mg/[kgrmin], dobutamine, epinephrine, or norand bacterial infection, have been occasionally recognized epinephrine). to be associated with reactive hemophagocytosis [7 -13] .
The study population included 15 patients who had underThrombocytopenia occurs in 63% -100% of patients with gone elective or nonelective surgery (abdominal surgery, 9 reactive hemophagocytic syndrome [7, 10 -12] . We therepatients; thoracic surgery, 2; urologic surgery, 2; and orthopefore hypothesized that HH could be involved in the etiology dic surgery, 2) and five who had been hospitalized for medical of thrombocytopenia in patients in ICUs. The purpose of causes, including community-acquired pneumonia (2), myocarthis investigation was to assess the incidence and outcome dial infarction, tumor lysis syndrome after therapy for a solid of HH in thrombocytopenic patients with sepsis syndrome or septic shock and to define the possible coexistence betumor, and acute necrotizing pancreatitis. At the time of the tween HH, DIC, and PAIgG. study, 13 patients were in septic shock, and seven patients had sepsis syndrome (this syndrome was associated with hemorrhagic shock in two patients [17] ; pulmonary impairment, as determined by the lung injury score described by Murray and co-workers [18] ; and RBC transfusion requirements during the 3 days before entry in the study. Blood samples were drawn within 2 hours after bone marrow was aspirated. Considering the potential involvement of viral etiology and the frequent association between HH and coagulation abnormalities, blood samples were obtained for diagnosing cytomegalovirus viremia by conventional cultures and 48-hour antibodies to Epstein-Barr nuclear antigen); for coagulation original magnification, 1 1,000). studies (including assays for prothrombin time, activated partial thromboplastin time, fibrinogen, and D-dimer detection); hematologic and biochemical tests; and PAIgG. PAIgG was meaStatistical analysis. Comparisons of quantitative data were sured with a radioimmunoassay by using iodine-125-labeled performed by using a Mann-Whitney U test for unpaired data polyclonal human IgG antibodies. The number of IgG antior a Wilcoxon signed-rank test for paired data. Comparisons body -combining sites per platelet in healthy subjects has been of qualitative data were performed with the two-tailed Fisher's found to be õ1,000 by reference to a standard curve derived exact test. A P value of õ .05 was considered significant. from D-positive red cells coated with a known number of D molecules. The results are expressed as IgG per platelet (IgG combining sites per platelet) [19] .
Results Definitions. Bone marrow aspirates were obtained from each patient during the 24 hours after the onset of thrombocytopenia.
Patients. The mean number of days ({ SEM) between admission to the ICU and the onset of thrombocytopenia was 4.6 Particle crush preparation was performed on five slides. Bone marrow films were stained with May-Grünwald-Giemsa stain { 1.9 days (range, 0 -29 days). Seven patients were thrombocytopenic at the time of their ICU admission. Twelve patients and were examined independently by two hematologists. Differential cell counts were performed by examining ú10 3 cells. A were identified as having HH. The clinical characteristics of the 20 patients are shown in table 1. Age, sex ratio, and severity diagnosis of HH was made when readily identifiable hemophagocytic histiocytes accounted for a minimum of 2% of all nucleated of illness, evaluated on the basis of the APACHE II classification system and the ODIN model, did not differ between pamarrow cells [12] (figure 1). Hemophagocytic histiocytes were identified as large cells with abundant pale grey-blue cytoplasm tients with HH and patients without HH. Bone marrow aspirate findings. Hemophagocytic histiocyte that was often vacuolated; these cells exhibited phagocytosis of RBCs, platelets, and, possibly, leukocytes and erythroblasts. counts ranged from 2.3% to 8.1% in the 12 patients with HH (mean count { SEM, 4.55% { 0.56%) and from 0.3% to 1.9% The diagnosis of definite bacterial infection was based on: (1) positive culture of a protected specimen brush (ú10 3 in the eight patients without HH (mean count { SEM, 1.14% { 0.17%; P õ .0001). Other bone marrow features included cfu/mL for patients with nosocomial pneumonia who were receiving mechanical ventilation); (2) a gram stain and sputum normocellular-to-hypercellular marrow with a normal-to-increased number of megakaryocytes in the 20 patients studied. culture that documented the presence of microorganisms for patients with community-acquired pneumonia; (3) a positive Laboratory abnormalities. Laboratory abnormalities detected at the time that the bone marrow aspirates were obtained culture ( §10 5 bacteria/mL) and a leukocyte count of ú10/mm 3 for patients with urinary tract infection; (4) the presence of are shown in table 2. Liver and renal function tests and pulmonary impairment, as defined by a mean lung injury score viable bacteria in the blood for patients with bacteremia; and (5) isolation of microorganisms from normally sterile host tissue.
({ SEM) of 1.75 { 0.4 in patients with HH and 1.57 { 0.3 in patients without HH were comparable between the two The diagnosis of DIC required the following three criteria: (1) a decrease in prothrombin time (PT) to õ50%; (2) a degroups. However, mean lactate dehydrogenase (LDH) values ({ SEM) were higher for patients with HH (2,034 { 450 crease in the level of factor V to õ50%; and (3) the presence of fibrin degradation products (D-dimers).
U/L) than for patients without HH (682 { 156 U/L) (P õ .04).
/ 9c3f$$no32 10-17-97 21:47:51 cida UC: CID Although mean leukocyte counts were not significantly dif-P õ .05) and factor V level (28 { 4% for patients with HH vs. 53 { 7% for patients without HH; P õ .01) was associated ferent between the two groups, two patients with HH had leukocyte counts below 2 1 10 9 /L. PAIgG levels were determined with the decreased platelet counts. Furthermore, for five patients, the D-dimer levels, which had previously been barely in 11 patients with HH and in seven patients without HH. Five of the 11 patients with HH and two of the seven without HH detectable, increased during the development of DIC. Associations between hemophagocytic histiocytosis, PAIgG levels, and had ú1,000 IgG antibodies per platelet (P Å NS). Eleven patients developed DIC in the HH group. A significant decrease DIC are shown in figure 2 for each patient.
Bacterial and viral infections. Nine patients with HH had in the mean PT ({ SEM) (29 { 3% of control for patients with HH vs. 56 { 5% of control for patients without HH; definite bacterial or fungal infections (three had peritonitis, two formed).
/ 9c3f$$no32 10-17-97 21:47:51 cida UC: CID cytokines, as did the patients in our study [22] . Moreover, a strong association between recent blood transfusion and the Gram-negative bacteria development of HH has been reported [23] . Therefore, the fact hemoglobin levels above 7.5 g/dL, our patients had persistent anemia, as has been reported in previous studies [7, 10 -13] .
NOTE. HH Å hemophagocytic histiocytosis.
Leukopenia was uncommon in our study, but our patients were not immunocompromised. Examination of bone marrow specimens showed normocellular-to-hypercellular marrow with had acute mesenteric ischemia, two had pneumonia, one had a normal to increased number of megakaryocytes in the 20 acute cholangitis, and one had mediastinitis), whereas seven patients studied. Thus, despite the lack of kinetic platelet studwithout HH had infections (three had urinary tract infections, ies, it seems that platelet production was not impaired in either two had pneumonia, and two had acute mesenteric ischemia).
group, but intramedullary platelet destruction was probably The distribution of organisms among the patients is described exaggerated in the patients with HH. in table 3. Viral studies did not show any evidence of infection DIC was a frequent finding among our septic patients. DIC with herpes viruses. Of the three patients with HH who did was detected in one third of the patients with HH [7, 12] , not have definite infections, one each had a diagnosis of tumor and coagulation abnormalities occurred in 30% -93% of the lysis syndrome due to therapy for solid tumors, myocardial patients with HH [11, 12] . PAIgG levels were elevated in five infarction with pulmonary edema, and hemorrhagic shock after of the 11 patients with HH who were tested. In a series of 23 a pulmonary biopsy. The patient without HH who did not have patients with HH, PAIgG levels were found to be elevated in a definite infection had acute pancreatitis.
five of the eight patients tested [11] . PAIgG is a nonspecific Mortality. The overall mortality was 60%; 12 of 20 patients finding and has been shown to be elevated in a wide variety died, including eight of the 12 with HH and four of the eight of immune and nonimmune forms of thrombocytopenia; therewithout HH (66% vs 50%; P Å NS).
fore, its significance remains unclear. Platelet autoantibodies The mean time to recovery from thrombocytopenia ({ SEM) [5] , circulating immune complexes, and nonspecific antibodies was 5 { 0.4 days for patients with HH and 3.5 { 0.86 days that bind to platelets [2, 25] may account for the increased for patients without HH (P Å NS). Only one patient with HH PAIgG levels. Unfortunately, measurements of specific glycorequired administration of platelet concentrate. protein antibodies to platelets or circulating immune complexes were not performed. However, an immunologic contribution to the cause of thrombocytopenia could not be excluded [25] .
Discussion
As previously reported, we found that patients with HH tended to have higher levels of aspartate aminotransferase than The spectrum of conditions associated with hemophagocytic histiocytosis, which was initially described in immunosupdid patients without HH [11, 12] . Although hyperbilirubinemia is a common finding in patients with HH [11] , it is also frepressed patients with viral infections [7] , has been broadened to include virtually every type of infectious pathogen, hematoquently observed in the context of bacterial sepsis [3] . LDH levels were higher in patients with HH. This increase in LDH poietic neoplasms and metastatic carcinoma, and immunosuppressive therapy [8] . The pathogenesis of HH is poorly underlevels could result from an increased turnover of hematopoietic / 9c3f$$no32 10-17-97 21:47:51 cida UC: CID cells and/or intramedullary hemolysis. Increased LDH levels ever, the clinical significance of this phenomenon remains to be defined, since for our small series of patients, the prognosis have been previously reported in some patients with bacteriaassociated hemophagocytic syndrome [9] and in patients with seemed to be unchanged by the presence of HH. AIDS and HH [26] , where it seems to be a hallmark of the diagnosis of HH.
